Abstract -An organic solvent-tolerant bacterium designated as 146 capable of producing an organic solvent-stable alkaline protease was isolated from contaminated soil of a wood factory. The strain was a Gram-positive, spore-forming, nitrate-positive, rod-shaped organism capable of hydrolysing gelatine, starch, skim milk and identified as Bacillus cereus. Activity of the protease was drastically increased in the presence of 1-decanol, isooctane, n-dodecane and n-tetradecane, but reduced in the presence of ethyl acetate, benzene, toluene, 1-heptanol, ethylbenzene and hexane. The bacterium was shown to require lactose as a carbon source and peptone as a nitrogen source. The optimum fermentation condition for the production of alkaline protease was in the presence of beef and yeast extract. Optimum pH was determined to be at 10.0 at incubation temperature of 37 °C for 48 h. Results from the studies suggest that 146 is a new strain of Bacillus cereus capable of producing organic solvent-tolerant alkaline protease with potential use in industries.
INTRODUCTION
Proteases are important industrial enzymes. They account for 30% of total worldwide enzyme production (Horikoshi, 1996) and contributed to 60% of the global industrial enzyme market (Escobar and Barnett, 1993) . Proteases of industrial value are produced by a wide variety of microorganisms such as bacteria, fungi, animal and certain insects (Anwar dan Saleemuddin, 1998) . Proteases from bacteria are the best in comparison to proteases from animal and fungi (Ward, 1985) . This is due to the short production period, ability to be produced in large amount at low cost and ability to manipulate genetic and environmental factors for increased production (Lee et al., 2002) . In addition, proteases produced by bacteria have the ability to remain active at wide pH and temperature ranges (Banerjee et al., 1999) . Bacteria producing proteases for industrial purposes include species of the genus Bacillus.
A variety of Bacillus strains produces proteases, which have great potential in industrial application. Bacillus subtilis is the main group that is used in international enzyme industry . Enzymes such as alkaline proteases from alkalophilic Bacillus strains have been used widely in detergents, food and leather tanning industries. Early reports of alkaline protease production by B. cereus appeared mostly around the late 60's and early 70's (Levisohn and Aronson, 1967; Aronson et al., 1971) . Since then only limited studies on the production of alkaline protease by B. cereus have appeared in the literature. Recently, the alkaline protease from an alkalophilic strain of B. cereus was studied for its compatibility in commercial detergents (Banik and Prakash, 2004) .
Discovery of enzymes that are active in organic solvents has expanded the potential application of alkaline proteases in industries. Despite toxicity of organic solvents to microorganisms, Pseudomonas aeruginosa strains ST-001, TOR, PST-01 and Pseudomonas putida have been reported to grow well in organic solvent-containing media including cyclohexane, p-xylene, 1-octanol, toluene, benzene and 1-heptanol Cruden et al., 1992; Nakajima et al., 1992; Ogino et al., 1995) . Enzyme-catalysed reactions in organic solvents offer numerous potential applications. The use of organic solvents as media for enzymatic reaction allows shift of reaction equilibrium of hydrolytic enzymes towards reaction completion (Klibanov, 2001) . They are also able to reduce undesirable side reactions and prevent inhibition of substrate and product. Based on this information, proteases, which are stable in the presence of organic solvent, are highly valued for their use in synthetic reactions.
In view of the great potential application of the organic solvent-tolerant alkaline protease from an alkalophilic B. cereus, we report here the isolation and identification of a newly isolated B. cereus strain designated as 146 capable of producing organic solvent-tolerant alkaline protease.
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MATERIALS AND METHODS
Strain isolation. The bacterial strain used in this study was isolated from contaminated soil of a wood factory in Selangor, Malaysia. This strain was shown to be benzene-, toluene-, xylene and ethylbenzene (BTEX)-tolerant bacteria and proven to be polycyclic aromatic hydrocarbons (PAHs) degrader (Tan, 1999; Lee et al., 2002) . The isolate was inoculated onto 0.5% skim milk agar plate and incubated at 37 °C for 24 h. Appearance of clearing zones formed by hydrolysis of skim milk was used as indication of an alkaline protease producer. The alkaline protease producer was then inoculated onto nutrient agar plates and incubated at 37 °C for 24 h to obtain a pure culture. The resulting isolated colonies were subcultured onto nutrient agar slants, grown at 37 °C for 24 h, maintained at 4 °C and subcultured at four week intervals. Tests for morphological, cultural, physiological and biochemical characterization of the microorganism was performed according to Sneath (1986) . In addition, genus and species identification were also carried out using the BBL Crystal Identification Gram-Positive ID kit (Becton Dickinson Microbiology Systems, USA).
Effect of organic solvents on the stability of protease. The bacteria were inoculated into 100 ml of M4 medium and grown at 37 °C for 24 h with shaking at 150 rpm. The crude enzyme was harvested by centrifuging at 10 000 rpm and 4 °C for 10 min and the supernatant was filtered with membrane filter. Ten organic solvents with different log P (Laane, 1987) were tested at the concentration of 25% (v/v) by addition of 1 ml organic solvent to 3 ml of the crude enzyme. The solvent-enzyme mixtures were incubated at 37 °C for 30 min with shaking at 150 rpm. For control, distilled water was added instead of organic solvent. The remaining activity was assayed under standard condition and expressed as the percent of the control value. Organic solvents tested in this study were ethyl acetate, benzene, 1-heptanol, toluene, ethylbenzene, hexane, 1-decanol, isooctane, 1-octanol, ndodecane, and n-tetradecane.
Media composition and culture conditions. Four different media compositions reported previously were used in this study (Table 1) . They are M1 , M2 (Lee et al., 2002) , M3 (Beg et al., 2003) and M4 (Singh et al., 2000) . Temperature and pH profiles of the bacteria were estimated by incubating bacterial culture in selected temperatures within the range of 25-45 °C and selected pH within the range of 6-13.
Growth and protease activity determination. Cell growth expressed as colony-forming unit (CFU) per ml was evaluated by plating ten-fold serial dilutions of the liquid culture onto nutrient agar plates and counting the colonies after 24, 48 of 72 h of incubation. Quantitative analysis of alkaline protease activity was performed according to Keay and Wildi (1970) with minor modifications. Briefly, the reaction mixture containing 0.25 ml culture supernatant and 0.75 ml distilled water was incubated at 37 °C for 5 min. The reaction began when 1.0 ml casein 2.0% (w/v) pH 7.0 was added. The mixture was then incubated for 10 min and the reaction was terminated by addition of 2.0 ml 0.4 M trichloroacetic acid (TCA). The mixture was then vortexed and incubated for 20 min followed by centrifugation at 14 549 x g for 10 min. The resulting supernatant (1 ml) was then mixed with 5.0 ml Na 2 CO 3 and 1 ml of Folin-ciocalteau reagent: distilled water (1:3 v/v) to give bluish coloration. The coloured suspension was then incubated for 20 min prior to absorbance measurement at 660 nm. The similar method was used to prepare a control, however, TCA was added at the surface and casein was added only after 10 min of incubation. One protease unit (PU) is defined as the amount of enzyme that releases 0.5 µg/ml/min tyrosine under the above conditions. The amount of tyrosine was obtained from tyrosine standard curve according to Keay dan Wildi (1970) .
RESULTS AND DISCUSSION

Strain identification
A novel organism capable of producing organic solvent-tolerant alkaline protease was isolated from contaminated soil of a wood factory in Selangor, Malaysia. Morphological and physiological characteristics of the organism were investigated according to the methods described in Bergey's Manual of Determinative Bacteriology (Sneath, 1986) . The isolate was shown to be a member of Bacillus sp. (Tan, 1999) . When cultured on nutrient agar, colony morphology appeared to be irregular in form, showing convex elevation and creamy in colour (Table 2) . Results from the phenotypic and biochemical characterization of the organism showed that it is Gram-positive, nitrate-positive, terminal spore-forming, rodshaped bacterium. The strain was found to hydrolyse gelatine, starch and skim milk and not able to produce indole. It was able to produce acid from glucose and sucrose and showed positive result for methyl red and Voges-Proskauer tests. These observations were later confirmed by the results of BBL Crystal Identification Gram-Positive ID kit that also identified the microorganism as B. cereus.
The result was further supported by previous study on 16S rRNA sequence determination and analyses (Tan, 2004) .
Effect of various organic solvents on the stability of crude protease activity
To investigate the effects of various organic solvents on the protease, experiments were conducted as described in the Materials and Methods. Results showed that protease from B. cereus strain 146 were drastically inactivated in the presence of ethyl acetate (Table 3 ). This observation is in contrast to previous report, which indicated that enzymatic synthesis of peptide in the presence of ethyl acetate, resulted in high yield and faster reaction (Clapes et al., 1990) . The presence of benzene and toluene lowered the protease activity to only 46 and 41%, respectively. Yamagata et al. (1994) on the other hand reported that these organic solvents increased hydrolysis reaction of the modified alkaline phosphatase to several times higher than that of the native. Our study also revealed that 1-heptanol and ethylbenzene lowered its activity to 74 and 75% respectively, while hexane affected the activity only slightly. The inactivation of protease in the presence of organic solvents with log P (Laane, 1987) values lower than 3.1 was also previously reported (Ogino et al., 1995) . The study also observed that inactivation occurred more rapidly in the presence of these solvents. 1-decanol, isooctane and n-dodecane on the other hand, markedly enhanced the activity of the protease. N-tetradecane was observed to increase the protease activity to more than 2-folds. This observation is in agreement with previous report which showed that a solvent stable protease from Pseudomonas aeruginosa also remain stable and active in all the solvents having log P above 3.2 (Gupta et al., 2005) . Taken together, these results suggest that the protease was not stable in organic solvent with log P values between 0.68 and 3.5. However, when organic solvents with log P values equal to or more than 4.00 were added, activity of protease were enhanced. This observation agrees with previous findings that suggested that reaction rates correlated well with the log P values of solvents (Clapes et al., 1990) .
Effects of media composition on protease production
Extracellular protease production is strongly influenced by media components Varela et al., 1996) . In the present study, bacterial growth and production of protease of the B. cereus strain 146 were investigated in four types of media composition (Table 1 ) under incubation at 37°C with shaking at 150 rev/min for 24, 48 and 72 h. Results obtained showed that the bacteria were able to grow and produce protease in all the media tested. High levels of protease activity were detected in cultures grown for 48 h in all media composition. Highest level of protease activity was observed in cultures using M4 media composition followed by M3, M2 and M1 (Fig. 1A) . Similar pattern was also observed in cul- tures incubated for 72 h. However, the longer incubation period appeared to drastically reduce the protease activity ( Fig.  1A) with only minimal bacterial growth detected (Fig. 1B) . At 24 h incubation, M2 media showed the second highest protease activity after M4, which is followed by M3 and M1 (Fig. 1A) . The high levels of protease activity in 48 h culture appeared to correlate with the high growth of bacteria in culture M3 and M4 (Fig. 1B) . In comparison to M4, only 6.0 and 15.0% of bacterial growth was detected in media M1 and M2, respectively. However, protease activity in M1 was found to be approximately 36.0% of the M4, and in M2, the activity reached almost 54.0% of the M4. Maximum growth (2.14 x 10 11 CFU/ml) was observed in cultures using media M4 after 48 h of incubation. Protease synthesis is affected by the presence of easily metabolizable sugars and nitrogen sources in the medium Varela et al., 1996) . Presently, no defined medium has been established for the optimum production of alkaline protease from different microbial sources. Each organism or strain has its own special conditions for maximum enzyme production. Determination of the optimal media composition for protease production in B. cereus strain 146 revealed that it requires lactose as a source of carbon. The addition of beef and yeast extract greatly increased alkaline protease production, while peptone was shown to be the most favourable nitrogen source.
Effects of temperature on protease production
Growth temperature was reported to synchronize synthesis and production of extracellular protease by microorganism (Frankena et al., 1986; Ray et al., 1992) . In the present study, effects of growth and protease production at tem- peratures of 25, 30, 37, 40 and 45 °C were tested for incubation periods of 24, 48 and 72 h in media M4 at 150 rev/min agitation rate. Growth and protease production was detected at all the temperatures and incubation period tested. However, the optimum temperature was found to be at 37 °C during log phase of growth which was at 48 h of incubation time (Fig. 2) . At this temperature protease activity was at 0.92 mg/ml/min, an increase of approximately 46% from incubation time of 24 h. Comparable increment observed in the previous experiment performed in M4 media, under similar condition (Fig. 1A) , further confirmed that 48 h incubation at 37 °C was the ideal condition for protease production. At 25 °C, protease activity were found to be low, and the activity increased with increasing temperature reaching maximum level at 37 °C at 0.92 µg/ml/min. This was perhaps because enzymatic reaction towards a substrate increased with increasing temperature. It has been reported that temperature strongly affects synthesis of proteases either by influencing the rate of biochemical reactions or directly inducing or repressing the protease production itself (Ray et al., 1992) . Temperature was also shown to affect mRNA synthesis and perhaps translation levels (Votruba et al., 1991) . At 40 and 45 °C, the protease activity reduced by approximately 60.0 and 80.0%, respectively after 48 h incubation. Even though protease activity was detected at these temperatures after 24, 48 and 72 h incubation, only minimal bacterial growth was observed. Temperatures beyond 37 °C resulted in reduced protease production. This observation is in agreement with previous report, which suggested that high temperature could lead to autoproteolysis and modified deamidation of the protease (Chen et al., 2002) .
Effects of pH on protease production pH is one of the physical factors that affects the amount of protease produced by microorganisms (Hameed et al., 1999; Puri et al., 2002) . In the present investigation, different pHs ranging from 6.0 to 13.0 were tested for their effects on protease production at 24, 48 and 72 h of incubation. The incubation was performed using media M4 at 150 rev/min agitation rate at 37 °C. Results obtained from this study suggest that B. cereus strain 146 was able to grow and produce protease at a wide pH range, from 7.0 up to 12.0 (Fig. 3) . Optimum incubation period for protease production was found to be at 48 h and optimum pH appeared to be at 10.0. At this condition, protease activity was detected at 3.1 µg/ml/min (Fig. 3A) . At acidic pH (pH 6.0), minimal protease activity and bacterial growth was observed (Fig. 3) . At neutral pH (pH 7.0), luxuriant growth was detected, however, protease activity was only at 29.0% compared to pH 10.0 at 48 h incubation. At pH higher than 10.0, protease activity and bacterial growth began to drop and reached minimal level at pH 13.0.
pH of the basal medium had a profound effect on the production of protease by microorganisms (Hameed et al., 1999) . Various enzymatic process and transportation of components through cell membrane is dependent on pH of the media (Moon and Parulekar, 1991) . In this study, alkaline pH was found to maximize protease production of B. cereus strain 146. Maximum protease activity was detected at pH 10.0. Protease activity is different at different pH due to the changes in amino acid and carboxyl groups in the enzyme. This observation strongly suggests that B. cereus strain 146 produce alkaline protease.
In summary, a new Bacillus cereus designated as strain 146 reported here is a mesophilic organism capable of producing organic solvent-tolerant alkaline protease, which could be a suitable candidate for use in commercial purposes.
